A total of 305 Ixodes ricinus ticks (243 nymphs and 62 adults) were collected from three different regions of Thuringia in Middle Germany which are known to be endemic for Borrelia burgdorferi. Our aim was to investigate the carrier rate of ticks for granulocytic Ehrlichia species. The presence of ehrlichial 16S ribosomal DNA was investigated by polymerase chain reaction. Using primers specific for the Ehrlichia phagocytophila group PCR fragments of 151 bp and 943 bp, respectively, were produced in positive samples. Adult ticks showed a significantly higher infection rate (4/62; 6.5%) compared to nymphs (3/243; 1.2%). Prevalence rates varied between 0 and 3.8% regarding the different areas under investigation. The nucleotide sequences showed high similarity (between 97.5% and 99% identity) to the known sequences of the three E. phagocytophila group members HGE agent, E. phagocytophila and Ehrlichia equi. The sequence data did not allow a final classification to a particular member of this group. ß 2002 Published by Elsevier Science B.V. on behalf of the Federation of European Microbiological Societies.
Introduction
Ehrlichiae are obligate intracellular microorganisms residing within cytoplasmic vacuoles of monocytes, granulocytes or platelets. Hosts are various mammalian species [8, 18, 28, 38, 33] . In contrast to Chlamydiae they are able to synthesize their own ATP and they di¡er from Rickettsiae in multiplying within endosomal compartments of the host cells [33, 41] . At present the genus Ehrlichia is divided into three distinct groups according to the nucleotide sequence homology of the 16S ribosomal RNA genes [33] . As general term the ¢rst characterized group member is determining : Ehrlichia canis group (E. canis, Ehrlichia cha¡eensis, Ehrlichia muris, Ehrlichia ewingii), Ehrlichia phagocytophila group (E. phagocytophila, Ehrlichia equi, human granulocytic ehrlichiosis (HGE) agent, Ehrlichia platys), and Ehrlichia sennetsu group (E. sennetsu, Ehrlichia risticii) [33] . In 1953, E. sennetsu was the ¢rst reported ehrlichial species found to be pathogenic for humans which causes the mononucleosis-like Sennetsu fever [24] . While E. canis, described in 1935 [12] , seems to be only pathogenic for dogs, in 1991 [1] E. cha¡eensis was isolated from a patient of Northern America and is now known to cause human monocytic ehrlichiosis (HME). The main vector was found to be the tick species Amblyoma americanum [2] . In 1994, a granulocytic Ehrlichia, named HGE agent, could be identi¢ed to be responsible for human granulocytic ehrlichiosis [3, 9] . The HGE agent is genetically closely related if not identical to E. equi and E. phagocytophila, both members of the E. phagocytophila group. Granulocytic Ehrlichiae appear to be transmitted by ticks not only in the USA [3,9^12,21^23,25,35,38] but also in European areas where other diseases like Lyme borreliosis or tick-borne encephalitis are endemic [5^8, 10,14,19,20,26, 29^31,36] . The present study was performed to collect data about the prevalence of granulocytic Ehrlichia species in-fected ticks in three di¡erent places of Thuringia in Middle Germany. The results of the present investigation contribute to the knowledge of the carrier rate of ticks for Ehrlichiae in Germany.
Materials and methods

Collection of ticks
A total of 28 males, 34 females and 243 nymphs of the species Ixodes ricinus were collected from three di¡erent places in the area of the Ilm Valley (Thuringia) in Middle Germany: Belvedere near Weimar, Bad Berka (13 km upriver to the south), and Dienstedt (additionally 17 km southwards). The ticks were collected from September 1999 till October 2000. After £agging the ticks were stored in a 1.5-ml reaction tube at 380 ‡C. The next day 200 Wl binding bu¡er were added and after 10 min the mixture was completed with 100 Wl isopropanol. The sample was transferred to High Pure Filter Tubes. Washing of bound DNA and elution was performed according to the instructions of the manufacturer. The isolated DNA was stored at 380 ‡C until further use.
Extraction of DNA from ticks
DNA ampli¢cation by PCR
Ampli¢cation targeting the 16S rDNA of granulocytic Ehrlichiae was performed with the following primers : GER3 (5P-TAG ATC CTT CTT AAC GGA AGG GCG-3P, forward) and GER4 (5P-AAG TGC CCG GCT TAA CCC GCT GGC-3P, reverse) for a 151-bp fragment [15, 17] , and e16Slarge.fw (CAA GCT TAA CAC ATG CAA GTC GAA C, forward) and e16Slarge.rv (CCC TTC CGT TAA GAA GGA TCT AAT C, reverse) for a 943-bp fragment. Primers e16Slarge.fw and e16Slarge.rv were deduced from sequences of the NCBI sequence data base described for species of the E. phagocytophila group (Fig. 1 ). DNA from a HGE patient isolate (courtesy from U. Munderloh, University of Minnesota) served as positive control, PBS and sterile aqua dest. served as negative control.
Each PCR mixture contained 8 Wl dNTPs (1.25 mM), 5 Wl 10Ubu¡er (with 50 mM KCl, 2 mM MgCl 2 ), 0.5 Wl primer forward, 0.5 Wl primer reverse, 0.25 Wl Taq polymerase and 5 Wl isolated DNA as template. Finally, sterile aqua dest. was added to a reaction volume of 50 Wl.
Ampli¢cation was performed in a thermal cycler (Perkin-Elmer GeneAmp PCR-System 2400). DNA was initially denatured for 5 min at 94 ‡C followed by 40 cycles of the three following steps: 1 min of denaturation at 94 ‡C, 1 min of annealing at 50 ‡C for the short fragment, at 51 ‡C for the large fragment, and 1 min of extension at 72 ‡C. The ¢nal extension was for 7 min at 72 ‡C.
The 151-bp PCR products were separated by electrophoresis in 2% agarose gel, the 943-bp PCR products in 1.5% agarose gel, stained with SYBR-Green (Biozym Diagnostic GmbH, Germany) and visualised under UV light. The bands were cut out under UV light control and extracted with the QIAquick Gel Extraction Kit (Qiagen GmbH, cat. No. 28706).
Cloning of the PCR products
The 151-bp PCR fragments were ligated into the plasmid vector pGEM-T overnight at 4 ‡C using the pGEM-T 0 Easy Vector System Kit (Promega Corp., Madison, WI, USA) and transformed in Escherichia coli TG1 competent cells. Some of the 943-bp PCR fragments were ligated into the plasmid vector pGEM-T 0 like the short fragment and some others into the plasmid vector pDrive 0 using the Qiagen PCR Cloning Kit (Qiagen GmbH, Germany cat. No. 231122) and transformed in E. coli TG1 cells or EZ competent cells enclosed in the appropriate cloning kit.
The cells containing the plasmid with insert were selected by blue^white colour screening on Luria^Bertani (LB) agar added with ampicillin, isopropyl L-D-thiogalactoside (C 9 H 18 O 5 S) and 5-brom-4-chlor-3-indoxyl L-D-galactoside (C 14 H 15 BrCINO 6 xF) according to standard protocols. The E. coli cells were grown overnight at 37 ‡C. From each agar plate 10 white clones were picked and multiplied in LB £uid medium containing 100 Wg ml 31 ampicillin for 3^4 h at 37 ‡C. From each grown clone 200 Wl were stored in glycerine at 320 ‡C for further examinations. In the next step plasmid DNA was isolated using the Seq-Lab Plasmid-Miniprep-Kit (Sequence Laboratories Go « ttingen GmbH).
Plasmids were analysed by electrophoresis in 1.5% agarose gel, stained with SYBR-Green (Biozym Diagnostic GmbH, Germany) and visualised under UV light. The inserts of both plasmids were ampli¢ed by PCR with the primers T7 (5P-TCG CCC TAT AGT GAG TCG TAT TA-3P, forward) and SP6 (5P-ATT TAG GTG ACA CTA TAG AAT AC-3P, reverse) to detect clones carrying the inserts, the 151-bp or 943-bp fragments. Both primers were purchased from Promega.
DNA sequencing and data analysis
Both strands of the inserted fragments were sequenced by the £uorescence-labelled didesoxynucleotide technology (Big Dye1 Terminator Cycle Sequencing Ready Reaction Kit, PE Biosystems) in an ABI PRISM1 310 Genetic Analyser (PE Biosystems) using primers T7 and SP6, and, to complete sequencing of the 943-bp fragment, two additional primers. The primers P5 (5P-GAT TTA TCG CTA TTA GAT GAG CCT ATG-3P, forward) and P6 (5P-CAC AGA GAT AAA AAA TCC CCA CAT TCA G-3P, reverse) were constructed during the sequence experiments.
Obtained sequences were compared with known Ehrlichiae 16S RNA sequences of the NCBI database (http:// www.ncbi.nlm.nih.gov).
Statistics
For statistical analysis, Fisher's exact test for dichotomous variables was performed. P 6 0.05 was regarded as signi¢cant.
Results
Prevalence of the E. phagocytophila genogroup in I. ricinus ticks
A total of 305 I. ricinus ticks (28 males, 34 females and 243 nymphs) were analysed by PCR for infection with granulocytic Ehrlichia species. The primers were designed to detect fragments of the 16S ribosomal RNA genomic region. We found an average of 2.3% ticks infected with Ehrlichia. Di¡erences were obtained in the distribution of Ehrlichia infected ticks comparing the three examined areas : in Bad Berka a total of 2.8% (4 of 145), in Belvedere 3.8% (3 of 80) and in Dienstedt 0% (0 of 80) ticks, i.e. altogether 2.3% (7 of 305) ticks were Ehrlichia positive.
A signi¢cantly higher prevalence rate was present in adult ticks (4/62; 6.5%) compared to nymphs (3/243; 1.2%) ( Table 1) .
Sequence analysis
Sequencing was performed with the plasmids carrying the short 151-bp and the large 943-bp PCR fragments. The blast search of the sequenced 16S segments revealed that the ticks positive in PCR analysis were carriers of Ehrlichiae belonging to the E. phagocytophila group.
With the short PCR fragment no clear assignment to one of the species E. equi, HGE agent, E. phagocytophila or E. platys could be found. For this reason, the sequencing of a larger fragment, the 943-bp fragment, was included. This fragment was produced with primers e16Slar-ge.fw and e16Slarge.rv. The reverse primer e16Slarge.rv nearly represents the complement strand of the forward primer GER3 of the short fragment. Thus, joining both fragments to a ¢nal size up to 1074 bp, the classi¢cation within the phagocytophila group could be slightly improved.
Sequence alignment illustrated in the phylogenetic tree revealed that the isolates found in this study did not belong to E. platys, but are closely related to E. equi, E. phagocytophila, and the HGE agent (Fig. 2) . Thus, a detailed classi¢cation to a special member of this group also failed if a larger fragment of the 16S rRNA was analysed. Between the sequences of the isolates there also occurred sequence di¡erences (Fig. 3) . They were submitted to the GenBank under the following accession numbers: Jena 8 (AJ313513), Jena 14 (AJ312941), Jena 16 (AJ313512), Jena 22 (AJ312939), Jena 72 (AJ312940), Jena 84 (AJ312942), Jena 238 (AJ313511).
Discussion
The study was undertaken to get information about the prevalence of granulocytic Ehrlichia infections in I. ricinus ticks collected in three di¡erent regions of Middle Germany (Thuringia) belonging to the Ilm Valley, which is known to be endemic for Borrelia burgdorferi. The presence of Ehrlichia was proved by PCR in a segment of the 16S RNA gene and con¢rmed by sequencing of the PCR fragments. Until now, from Germany only little sequence information of Ehrlichia isolates became available. Ehrlichia species of the phagocytophila group cause human granulocytic ehrlichiosis, which is associated in most cases with chills, fever, myalgia, and headache [4, 33, 37] . Other clinical symptoms are leucopenia (50%), thrombocytopenia (92%), or elevated liver enzymes (91%) [4, 27, 33] . Especially in old people and immunodepressed patients this infection may take a fatal course due to multi-organ failure. Sequences of the 16S rDNA and the groESL heat shock operon indicate that the HGE agent is closely related if not identical to granulocytotropic Ehrlichiae in the E. phagocytophila group, i.e., E. phagocytophila and E. equi [17, 34] .
Recent prevalence reports from several countries in Europe described granulocytic Ehrlichia infected free-living I. ricinus ticks in Switzerland, 0.8% [31] , in Slovenia, 3.2% [30] , or at the east and west coasts of Sweden, 3.1% and 9.2% [36] , in a part of Italy, 24% [10] , and 2.2% in two studies from southern Germany [6, 13, 14] . Our data from Thuringia in Middle Germany with 2.3% infected ticks (7 of 305 adult and nymphal I. ricinus ticks) show a close correlation to the described infection rate of 2.2% in Baden-Wu « rtemberg [6] and in Munich [14] in southern Germany. In accordance to the results of other investigators [14] Ehrlichiae seem to have a focal distribution in Thuringia, because in Dienstedt, one of the three examined areas, no infected ticks were found. In contrast to the ¢ndings in Munich where no infection of a nymph was detected [14] , we found three Ehrlichia positive nymphs ( Table 1) .
Sequencing of the PCR products directly obtained from tick extracted material did not produce clear results. Sequencing was drastically improved after cloning the fragments into the plasmids pGEM-T 0 or pDrive 0 . The 16S rDNA segment which was analysed allowed the assignment of all seven ampli¢cates to the E. phagocytophila group, but not a clear subdivision in E. equi, HGE agent or E. phagocytophila. Higher sequence diversity was only found to E. platys (Fig. 2) . 16S ribosomal RNA genes are relatively well conserved on an evolutionary scale, making them appropriate targets to study the relationship of phylogenetically distinct bacterial species [40] . However, to separate closely related organisms, genes that evolve at a faster rate such as the groESL operon [34] or the citrate synthase gene [32] had to be taken into account. Alternatively other markers such as DNA^DNA hybridisation or phenotypic characteristics may be more suitable [16, 39] . This is especially true for very recently diverged species [16] . In the case of GE, additional genotypic and phenotypic characteristics may need to be considered to clarify the relationship and pathogenic potential of the di¡erent strains from Europe and the USA that exhibit identical or nearly identical 16S rDNA sequences.
